
 doi:10.1152/ajpendo.00426.2001 
 283:138-145, 2002. First published Mar 27, 2002;Am J Physiol Endocrinol Metab

Abad, Donna Spiegelman, Tamsin Knox and Sherwood Gorbach 
Ronenn Roubenoff, Steven Grinspoon, Paul R. Skolnik, Eric Tchetgen, Leslie

 You might find this additional information useful...

30 articles, 15 of which you can access free at: This article cites 
 http://ajpendo.physiology.org/cgi/content/full/283/1/E138#BIBL

7 other HighWire hosted articles, the first 5 are: This article has been cited by 

  
 [PDF]  [Full Text]  [Abstract]

, October 1, 2005; 78 (4): 819-835. J. Leukoc. Biol.
H. Bruunsgaard 

 Physical activity and modulation of systemic low-level inflammation
  

 [PDF]  [Full Text]  [Abstract]
, September 1, 2006; 30 (5): 453-463. JPEN J Parenter Enteral Nutr

G. L. Jensen 
 Examination of the Future of Clinical Nutrition and Medicine

Inflammation as the Key Interface of the Medical and Nutrition Universes: A Provocative
  

 [PDF]  [Full Text]  [Abstract]
, August 1, 2007; 22 (4): 389-405. Nutr Clin Pract

C. Earthman, D. Traughber, J. Dobratz and W. Howell 
 Mass

Bioimpedance Spectroscopy for Clinical Assessment of Fluid Distribution and Body Cell
  

 [PDF]  [Full Text]  [Abstract]
, May 1, 2008; 294 (5): R1453-R1460. Am J Physiol Regulatory Integrative Comp Physiol

M. Yukawa, D. S. Weigle, C. D. Davis, B. T. Marck and T. Wolden-Hanson 
 at baseline and after surgery

Peripheral ghrelin treatment stabilizes body weights of senescent male Brown Norway rats
  

 [PDF]  [Full Text]  [Abstract]
, January 1, 2009; 297 (3): C706-C714. Am J Physiol Cell Physiol

W. Li, J. S. Moylan, M. A. Chambers, J. Smith and M. B. Reid 
 Interleukin-1 stimulates catabolism in C2C12 myotubes

including high-resolution figures, can be found at: Updated information and services 
 http://ajpendo.physiology.org/cgi/content/full/283/1/E138

 can be found at: AJP - Endocrinology and Metabolismabout Additional material and information 
 http://www.the-aps.org/publications/ajpendo

This information is current as of November 27, 2009 . 
  

 http://www.the-aps.org/.
20814-3991. Copyright © 2005 by the American Physiological Society. ISSN: 0193-1849, ESSN: 1522-1555. Visit our website at 
organization. It is published 12 times a year (monthly) by the American Physiological Society, 9650 Rockville Pike, Bethesda MD 

 publishes results of original studies about endocrine and metabolic systems on any level ofAJP - Endocrinology and Metabolism

 on N
ovem

ber 27, 2009 
ajpendo.physiology.org

D
ow

nloaded from
 

http://ajpendo.physiology.org/cgi/content/full/283/1/E138#BIBL
http://ajpcell.physiology.org/cgi/content/abstract/297/3/C706
http://ajpcell.physiology.org/cgi/content/full/297/3/C706
http://ajpcell.physiology.org/cgi/reprint/297/3/C706
http://ajpregu.physiology.org/cgi/content/abstract/294/5/R1453
http://ajpregu.physiology.org/cgi/content/full/294/5/R1453
http://ajpregu.physiology.org/cgi/reprint/294/5/R1453
http://ncp.sagepub.com/cgi/content/abstract/22/4/389
http://ncp.sagepub.com/cgi/content/full/22/4/389
http://ncp.sagepub.com/cgi/reprint/22/4/389
http://pen.sagepub.com/cgi/content/abstract/30/5/453
http://pen.sagepub.com/cgi/content/full/30/5/453
http://pen.sagepub.com/cgi/reprint/30/5/453
http://www.jleukbio.org/cgi/content/abstract/78/4/819
http://www.jleukbio.org/cgi/content/full/78/4/819
http://www.jleukbio.org/cgi/reprint/78/4/819
http://ajpendo.physiology.org/cgi/content/full/283/1/E138
http://www.the-aps.org/publications/ajpendo
http://www.the-aps.org/
http://ajpendo.physiology.org


Role of cytokines and testosterone in regulating lean body
mass and resting energy expenditure in HIV-infected men
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Roubenoff, Ronenn, Steven Grinspoon, Paul R.
Skolnik, Eric Tchetgen, Leslie Abad, Donna Spiegelman,
Tamsin Knox, and Sherwood Gorbach. Role of cytokines
and testosterone in regulating lean body mass and resting
energy expenditure in HIV-infected men. Am J Physiol En-
docrinol Metab 283: E138–E145, 2002. First published
March 27, 2002; 10.1152/ajpendo.00426.2001.—Although
catastrophic weight loss is no longer common in HIV-infected
men, we hypothesized that a more gradual process of ca-
chexia [loss of lean body mass (LBM) without severe weight
loss, often accompanied by elevated resting energy expendi-
ture (REE)] is still common and is driven by excessive pro-
duction of the catabolic cytokines tumor necrosis factor-�
(TNF-�) and interleukin-1� (IL-1�). We performed a longitu-
dinal analysis of an ongoing cohort study of nutritional status
in 172 men with HIV infection. LBM loss of �1 kg occurred in
35% of the cohort, and LBM loss of �5% occurred in 12.2%
over 8 mo of observation, but classical wasting (loss of �10%
of weight) was rare (2%). Both TNF-� (�150 g LBM �ng�1 �
ml�1, P � 0.02) and IL-1� production (�130 g LBM �ng�1 �
ml�1, P � 0.01) by peripheral blood mononuclear cells pre-
dicted loss of LBM. A rise in REE of �200 kcal/day was found
in 17.7% of the subjects regardless of weight change. IL-1�
(�9 kcal/day per ng/ml, P � 0.002) and TNF-� (�10 kcal/day
per ng/ml, P � 0.02) production predicted �REE. Serum free
testosterone was inversely associated with TNF-� production
and was not an independent predictor of either �LBM or
�REE after adjustment for cytokine production. Even though
weight loss was rare in this cohort of patients treated with
highly active antiretroviral therapy, loss of LBM was com-
mon and was driven by catabolic cytokines and not by inad-
equate dietary intake or hypogonadism.

WITH THE ADVENT of highly active antiretroviral therapy
(HAART), the incidence of most of the complications
associated with HIV infection has declined in the de-
veloped world (17). However, the metabolic derange-
ments associated with HIV infection have not been
eliminated: wasting continues to occur even with
HAART (17), and lipodystrophy, or fat redistribution
syndrome, has been recognized as a new complication

of the disease and possibly of HAART treatment (3).
Even though severe weight loss (wasting syndrome)
appears to be less common today, erosion of lean body
mass (LBM), primarily from skeletal muscle, is still
evident in many patients with HIV infection when
body composition is measured (8, 30). Because muscle
mass is the predominant determinant of strength, loss
of LBM can lead to loss of functional capacity and
independence, and the resulting reduced protein stores
diminish the ability to withstand an acute infection
(12, 22).

We have previously demonstrated that such loss of
LBM can occur even without loss of weight and have
suggested that the term cachexia be used to distin-
guish this condition from the more severe weight loss
seen in wasting (defined by the Centers for Disease
Control as loss of 10% or more of baseline weight) (4,
12, 22). For example, in rheumatoid arthritis, excess
production of the catabolic cytokines interleukin-1�
(IL-1�) and tumor necrosis factor-� (TNF-�) by periph-
eral blood mononuclear cells (PBMC) drives cachexia
and increased resting energy expenditure (REE) and
protein catabolism but without overt weight loss (21,
24). Because rheumatoid arthritis is a systemic illness,
as is HIV infection, we sought to determine whether
PBMC production of catabolic cytokines is also an
important determinant of cachexia in HIV-infected
adults.

In AIDS wasting, Grinspoon and colleagues (10, 11)
have demonstrated that low serum testosterone is an
important determinant of LBM loss. However, it is not
clear whether either testosterone or the catabolic cyto-
kines are important factors in regulating weight, body
composition, or metabolic rate in HIV-infected adults
in the absence of overt wasting. We hypothesized that
cachexia is a persistent problem in HIV-infected men
despite treatment with HAART, and that, like rheu-
matoid cachexia, HIV-associated cachexia is driven by
catabolic cytokine production. We examined the rela-
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tionship between the determinants cytokine produc-
tion and serum testosterone concentration and change
in LBM and REE in male participants in the Tufts
Nutrition for Healthy Living Study, an ongoing longi-
tudinal study of the nutritional status of HIV-infected
adults.

PATIENTS AND METHODS

Study design. The Tufts Nutrition for Healthy Living
Study began in 1993 and included 695 subjects as of May
2000. Subjects are contacted by telephone every month and
are examined and fill out detailed questionnaires about their
health. Every 6 mo, their body composition is measured by
bioelectrical impedance (BIA) and their REE by indirect
calorimetry. Between May 1995 and August 1998, a sub-
group of 172 men who had adequate venous access to allow
additional blood drawing donated peripheral blood mononu-
clear cells for assessment of cytokine production. Sufficient
serum was available for measurement of free testosterone in
166 cases.

Body composition. Body composition was measured at each
visit by single-frequency, whole body BIA using an RJL 103
analyzer (RJL, Mt. Clemens, MI). Electrodes were placed in
standard positions on the wrist and ankle. LBM was calcu-
lated using sex-specific equations validated against dual-
energy X-ray absorptiometry (DEXA) in this study popula-
tion (14).

Indirect calorimetry. REE was measured by indirect calo-
rimetry using a Sensormedics V2900 calorimeter (Sensor-
medics, Yorba Linda, CA). Measurements were made after a
minimum of 4 h of fasting to eliminate the thermic effect of
the last meal on REE. Subjects lay quietly in a semi-dark-
ened, thermoneutral room for 20 min and then had their REE
measured for an additional 15 min.

Cytokine measurements. PBMC were isolated from 20 ml of
anticoagulated blood as previously described (24). PBMC
were obtained from whole blood by Ficoll-Hypaque centrifu-
gation, as previously described, and washed three times in
sterile, pyrogen-free saline (9, 26). Cells were suspended at
5 	 106/ml in RPMI (Sigma Chemical, St. Louis, MO) that
had been subjected to ultrafiltration (6) to remove cytokine-
inducing substances. Ultrafiltered RPMI was supplemented
with 100 
g/ml streptomycin, 100 U/ml penicillin (Sigma),
and 1% L-glutamine and contained 2% autologous heat-inac-
tivated serum. No additional stimulation was given to the
cells. Cells were cultured in 96-well flat-bottom plates; each
well contained 0.125 ml of cells plus 0.125 ml of RPMI. After
22 h at 37°C in 5% CO2, the plates were frozen at �80°C.
Plates were thawed and frozen three times to lyse the cells.

Measurement of total IL-1� and TNF-� synthesis was
carried out in duplicate by specific, non-cross-reacting en-
zyme-linked immunosorbent assays (ELISA, R&D Systems,
Minneapolis, MN), as described previously (9, 29). Cell ly-
sates were assayed undiluted. The interassay coefficient of
variation (CV) for samples was �10%, and the intra-assay
variability was �5% for both cytokines.

Free testosterone measurement. Serum free testosterone
was measured by radioimmunoassay (Diagnostic Products,
Los Angeles, CA). The intra-assay CV was 3.2–4.3%.

Other measures. Dietary intake was measured from 3-day
food records analyzed using the Minnesota database (NDS-R,
version 4.0, University of Minnesota Division of Epidemiolo-
gy). Physical activity was estimated using the Physical Ac-
tivity Recall Scale developed by Sallis et al. (25). CD4 counts
were measured by flow cytometry in the New England Med-
ical Center Clinical Immunology Laboratory. Plasma HIV

RNA was measured in a research retrovirology laboratory
using a Roche Amplicor Monitor reverse transcriptase poly-
merase chain reaction assay according to the manufacturer’s
instructions (Roche Molecular Systems, Somerville, NJ).
Blood samples were collected in ACD tubes, and plasma was
separated within 3 h, frozen at �70°C, and thawed just
before assay.

Statistical analysis. Descriptive statistics were calculated
to inspect the distribution of all variables of interest in the
analysis. These variables were chosen on the basis of a
literature review of variables related physiologically to the
outcomes of interest. Because most variables were distrib-
uted normally, means � SD are shown; for skewed variables,
the median and interquartile range are shown. Intervals
with a change in REE of �500 kcal or change in LBM of �5
kg were considered outliers (n � 13) and excluded from the
analysis, as they are not physiologically likely. Repeated
measurements were collected at standardized 6-mo study
visits with the use of identical protocols by trained study
personnel. Therefore, participants generally contributed
multiple observations to our data set. The Statistical Analy-
sis System (SAS, Cary, NC) software was used for all analy-
ses. The SAS procedure MIXED was employed to fit all
reported regression models.

Absolute changes in weight, LBM, and REE over a maxi-
mum time interval of 8 mo were modeled using repeated-
measures regression methods (32). These models were em-
ployed to assess the presence of crude and multivariate-
adjusted prospective associations between measured levels of
cytokines and testosterone at the start of an interval, poten-
tial confounders measured at the start of the interval, and
changes in weight, LBM, and REE over the interval. Empir-
ical estimates of the variance of parameters were used with
an unstructured covariance matrix, where the variance of the
dependent variables at each time point measured, and all
possible covariances between them, are allowed independent
estimates.

Restricted cubic spline regression models were used to test
significant nonlinearity in the independent association be-
tween the three dependent variables of interest and the main
determinants (cytokines and testosterone) (7). Restricted cu-
bic splines are a method for flexibly fitting arbitrary (i. e., not
determined a priori) nonlinear regression relationships by
joining a series of cubic polynomials at prespecified knot
points, with smoothness constraints at these knots and with
the tails fit linearly (7). These models do not assume a linear
relationship between predictor and outcome, but rather fit
any nonlinear behavior arbitrarily, and provide a test for
nonlinearity by comparing the fit of the nonlinear model to
the fit of the best linear one. The likelihood ratio test was
employed to assess nonlinearity in the flexible regression
models. Assumptions of linearity were carefully checked
through the restricted cubic spline regression models de-
scribed above. Graphs of the arbitrary regression relation-
ships were inspected for visual evidence of nonlinearity, and
statistical tests for nonlinearity were performed as described
above. Independence between repeated measures on the
same subjects was never assumed in this analysis. Rather,
repeated measures were treated as correlated, by an arbi-
trary correlation matrix as described above.

Data on cytokines, testosterone, and changes in LBM,
weight, and REE were available for different subsets of the
available person-intervals. For the change in LBM analysis,
there were 166 and 147 person-intervals with cytokine and
testosterone data, respectively, and 73 with both cytokine
and testosterone. For the change in REE analysis, there were
132, 109, and 58 person-intervals available with cytokine,
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testosterone, and both, respectively. The missing indicator
method (16) was used in the multivariate models when co-
variate data were unavailable.

For the multivariate analysis of predictors of REE, several
interactions were noted. To simplify these, continuous vari-
ables were transformed into categorical ones as follows: REE
was dichotomized at the median value of 1,785 kcal/day.
Testosterone was divided into tertiles: upper tertile mean
21.5 pg/ml; middle tertile mean 19.2 pg/ml; lower tertile
mean 14.9 pg/ml. TNF-� was divided into tertiles: upper
tertile mean 6.42 ng/ml; middle tertile mean 3.39 ng/ml;
lower tertile mean 1.36 ng/ml.

RESULTS

Participants. One hundred seventy-two participants
contributed 190 observations, with a mean duration
from start to end of the intervals of 6. 5 mo. The study
population was predominantly Caucasian, with a mean
age of 41 yr (Table 1). The primary HIV infection risk
was injection drug use in 15% and homosexual contact
in 78%. Sixty-three percent of the population had met
the definition of AIDS, and 43% were taking HAART
during the period used for this analysis, consistent
with clinical practice patterns during the period when
these samples were obtained (1995–1997).

The primary goal of the study was a longitudinal
analysis of change in LBM after the date of PBMC
culture, with a mean follow-up time of 8.7 mo. The
mean change in weight during the observation period
was a loss of 0.02 kg but ranged from loss of 12.2 kg to
a gain of 8 kg. The mean change in LBM was loss of 0.2
kg, but again the range of responses was wide, from
loss of 9.4 kg to gain of 6.5 kg. Similarly, the mean
change in REE was 6.8 kcal/day, with a range of �431
to �430 kcal/day. Weight loss of �2 kg occurred in 23%
of the participants, and weight loss of �5% occurred in
11%. Weight loss of �10% (AIDS wasting) occurred in

only 2% of the observations. LBM loss of �1 kg oc-
curred in 35% of the cohort, and LBM loss of �5%
occurred in 12.2%. Among intervals where LBM loss
exceeded 1 kg, the mean (�SD) change in weight was
1.4 � 3.2 kg; among intervals with LBM loss of �5%,
the mean change in weight was loss of 2.9 � 3.3 kg. A
rise in REE of �200 kcal/day (
10% of median REE)
was found in 17.7% of the subjects. There was no
significant correlation between �LBM and �REE (r �
0.01, P � 0.9). The prevalence of hypogonadism, de-
fined as serum free testosterone �12 pg/ml, was 17.5%.

Predictors of change in LBM. In crude models, both
TNF-� [regression coefficient (�) � � �150 g LBM �
ng�1 �ml�1, P � 0.04] and IL-1� (� � �130 g LBM �
ng�1 �ml�1, P � 0.05) production were inversely asso-
ciated with �LBM (Table 2). Higher baseline CD4
count (� � 280 g LBM/100 CD4 cell increase, P �
0.001) and physical function score (� � 165 g LBM/10-
point increase in physical function score, P � 0. 05)
were associated with gain in LBM. Active injection
drug use was associated with loss of LBM (� � �3,060
g LBM compared with nonusers, P � 0.002), as was the
diagnosis of AIDS (�974 g LBM, P � 0.01). There was
no relationship between �LBM and free testosterone
concentration (� � 41 g LBM �pg�1 �ml�1, P � 0.3), age,
energy or protein intake, viral load physical activity,
HAART use, or race. In addition, there were no signif-
icant associations (nonlinear or linear) between cyto-
kines and viral load or cytokines and CD4 count.

When the relationship between �LBM and TNF-�
was plotted using a cubic spline analysis, the relation-
ship was linear (P � 0.006, Fig. 1A). IL-1� (Fig. 1B)
also predicted �LBM in a linear (P � 0.003) manner.
However, testosterone did not significantly predict
�LBM (P � 0.3 and 0.64 for linear and nonlinear
associations, respectively; Fig. 1C). Moreover, we ob-
served an inverse linear cross-sectional relationship

Table 1. Description of the study population

Variable* n Mean SD Range

Age, yr 190 41 8.1 23–70
Energy intake, kcal 190 2,827 759 847–4840
Protein intake, g/day 190 107 36 26.3–239
CD4 cell count, mm3 190 346 220 0–1079
Log HIV RNA, copies/ml 175 3.7 1 2.3–5.8
Physical activity, mets/wk 187 35 4.8 30–62
Physical function, score 190 80 21 16.7–100
Demographics

%Taking HAART 171 43
%AIDS 190 63
%IVDU 189 15
%MSM 190 78
%White 190 72

Free testosterone, pg/ml 166 18 6.5 3.6–36.5
IL-1�, ng/ml* 190 4.54 1.2–8.8 0.01–21.97
TNF-�, ng/ml* 190 3.74 0.8–6.3 0.9–19.70
�Weight, kg 190 �0.13 3.4 �12.2–�8
�LBM, kg 160 �0.2 2.7 �9.4–�6.5
�REE, kcal 132 �6.8 200 �431–498

HAART, highly active antiretroviral therapy; IVDU, intravenous
drug user; MSM, men who have sex with men; LBM, lean body mass;
REE, resting energy expenditure; TNF-�, tumor necrosis factor-�;
IL-1�, interleukin-1�; �, change; n, no. of observations. *Median and
interquartile range shown if variable is not normally distributed.

Table 2. Bivariate models of change in LBM and REE

Variable

�LBM, g �REE, kcal/day

� P � P

Interval between visits, mo 8.7 0.4 1.0 0.06
PBMC TNF-�, ng/ml �150 0.001 9.0 0.04
PBMC IL-1�, ng/ml �130 0.002 7.0 0.04
Serum free testosterone, pg/ml 41 0.3 4.5 0.10
Age, yr �0.9 0.9 �1.5 0.45
Energy intake, kcal/day �0.2 0.3 0.015 0.46
Protein intake, g/day �2.7 0.7 �0.52 0.21
Physical functioning, 1 point 16.5 0.05 �1.4 0.03
Physical activity, mets/wk 3.7 0.3 �5.3 0.04
CD4 count, mm3 2.8 0.001 �0.17 0.005
Viral load, log RNA �217.2 0.3 26.4 0.06
HAART use (yes/no) �24.4 0.90 �75 0.01
IVDU

Current user �3,060 0.002 312 0.001
Past user 637 0.3 �80 0.1
Never user ref ref ref ref

AIDS (yes/no) �974 0.01 30 0.4
MSM (yes/no) 578 0.3 �25 0.27
Race (white/non-white) 500 0.3 19 0.6

PBMC, peripheral blood mononuclear cells; ref, reference category;
�, regression coefficient.
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between free testosterone concentration and TNF-�
production (linear association P � 0.02, Fig. 2A). There
was also a significant inverse linear association be-
tween free testosterone and IL-1� production (linear
association, P � 0.02) in the spline analysis (Fig. 2B).

In multiple linear regression (Table 3), there was a
significant association between �LBM and TNF-� (� �
�110 g LBM/ng, P � 0.02) after adjusting for covari-
ates that were significantly associated with �LBM in
bivariate analysis (CD4 count, IDU status, physical
functioning, and AIDS status). There was also a com-
parable inverse association with IL-1� in a similar
model (� � �110 g LBM �ng�1 �ml�1, P � 0.01, Table 3).
In addition, there was an interaction between baseline
percent body fat and IL-1�, but not TNF-�, in terms of
the effect of subsequent loss of LBM: men with high
body fat lost more LBM for each nanogram per millili-
ter of IL-1� produced by their PBMC, whereas men
with low body fat were relatively protected from such
loss. TNF-� and IL-1� were not included in a single
model because of colinearity problems.

Predictors of change in REE. In bivariate linear
regression, change in REE was associated with TNF-�,
IL-1�, baseline viral load, CD4 count, physical activity,
physical functioning, HAART use, and IDU status (Ta-
ble 2). In a multivariate linear regression model that
contained cytokines and testosterone (n � 58 observa-
tions), TNF-� (P � 0.03) and testosterone (P � 0.05)
were both associated with �REE after adjusting for
viral load, CD4 count, physical functioning, HAART
use, and IDU status (Table 4). There was a trend
toward an association between REE and viral load (P �
0.06). Significant interactions were found between
TNF-� and testosterone, TNF-� and baseline REE, and
also between testosterone and baseline REE in this
model. IL-1� was not a significant predictor of change
in REE in multivariate linear models.

DISCUSSION

Although the incidence of classical AIDS wasting
was �2% in the cohort of men reported here, over
one-third of patients lost �1 kg of LBM over an aver-
age follow-up of 8 mo, and loss of �5% of LBM occurred
in 12% of the men. Loss of 5% of LBM is especially
important because it has previously been shown to
predict a poor outcome in studies of HIV-infected
adults as well as in other populations (1, 2, 13, 31). In
this study, we found that 23% of the patients lost �2 kg
of weight over an average follow-up of 8 mo. These
changes occurred in our patients even though 43%
were taking HAART. These data are consistent with
our previous report from the entire Nutrition for
Healthy Living cohort (30), suggesting that our sub-
group was representative of the entire study cohort.

Fig. 1. Cubic spline analysis of predictors of change in lean body
mass (LBM) over the follow-up period: A: baseline peripheral blood
mononuclear cell (PBMC) production of tumor necrosis factor
(TNF)-�; B: PBMC production of interleukin (IL)-1�; C: serum free
testosterone.
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The results of this study indicate that loss of LBM
and rise in REE, the hallmarks of cachexia as we have
previously defined it (22), persist even with aggressive
antiretroviral therapy. Furthermore, these data indi-
cate that the catabolic cytokines TNF-� and IL-1�,
interacting with free testosterone, are important deter-

minants of change in LBM and REE. In contrast to
previous studies indicating that hypogonadism is com-
mon among patients with classical AIDS wasting, our
data demonstrate a relatively lower prevalence of hy-
pogonadism in the era of HAART. Whereas testoster-
one is an independent predictor of muscle mass in
hypogonadal men with AIDS wasting (10), we found no
independent effect of serum free testosterone on
change in LBM or REE after adjusting for other vari-
ables in our largely eugonadal population of HIV-in-
fected men. The inverse relationship between testos-
terone and cytokine production suggests that, in this
population, testosterone may act as a modulator of the
effect of TNF-� and IL-1� and not as a direct determi-
nant of body composition or metabolic rate.

The relationship between PBMC production of
TNF-� and IL-1� on the one hand and change in LBM
and REE on the other parallels our previous findings in
another cachectic condition, rheumatoid arthritis (24),
but has not been demonstrated in HIV disease in the
post-HAART era before. Only TNF-� promoted hyper-
metabolism (elevated REE), whereas both TNF-� and
IL-1� were significantly associated with protein catab-
olism (loss of LBM). Although the effects are generally
small, both the long duration of exposure to these
cytokines in HIV infection and the potential for very
high levels of production suggest that the cumulative
effects of even small excesses in cytokine production
over many months can be clinically significant. These
associations were robust and persisted after adjusting
for factors known to affect LBM, such as injection drug
use, the presence of AIDS, and markers of viral load
and CD4 status. Although TNF-� has been implicated
in the development of lipodystrophy due to HIV infec-
tion and HAART exposure (15, 19), the present report
is the first to show a link between PBMC production of
TNF-� and IL-1�, and cachexia in weight-stable HIV-
infected adults.

The epidemiological nature of this study, using
nearly 200 observations, limited us to measuring
PBMC cytokine production rather than performing
muscle biopsies to examine cytokine levels at the tar-
get tissue. However, we have shown that PBMC cyto-
kine production is more closely linked than are serum
or plasma cytokines to metabolic disturbances in an-
other catabolic disease, rheumatoid arthritis (24); sim-
ilar data are now emerging in age-related sarcopenia
(R. Roubenoff, unpublished observations). Moreover, in
a subset of the present study, we have found that
PBMC cytokine values discriminated between wasted
and unwasted HIV-infected adults better than did se-
rum cytokines (L. W. Abad, R. Parker, and R. Roube-
noff, unpublished observations). PBMC, which are pri-
marily monocytes and lymphocytes, are directly
representative of the circulating component of the im-
mune system and in HIV disease are depleted of CD4
cells in proportion to the patient’s clinical status. Thus
the PBMC compartment is a reasonable one in which
to obtain a valid measure of the patient’s propensity to
produce catabolic cytokines. Because PBMC circulate
throughout the body, they are capable of delivering

Fig. 2. Cubic spline analysis of the relationship between serum free
testosterone concentration and PBMC production of TNF-� (A) and
IL-1� (B).
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catabolic signals to various organs, including the mus-
cle and viscera. Furthermore, the outcomes of whole
body metabolic changes, such as in REE and LBM,
indicate that a whole body measure of immune func-
tion such as PBMC cytokine production be considered
in preference to a localized measure in one organ.

The finding of an interaction between body fat and
IL-1� production is a novel one and suggests that body
fat can modulate the effect of cytokines on body com-
position in ways that have not been reported previ-
ously. It is not clear how fat can reduce the catabolic
effect of IL-1�. Because fat cells can produce leptin,
TNF-�, IL-6, and other cytokines, adipose tissue could
directly modify IL-1� effects via its own cytokine se-
cretion, which is not detected in assays of PBMC cyto-
kine production (27). Alternatively, body fat may be a
marker for genetic heterogeneity in cytokine expres-
sion or sensitivity (18) rather than a causative factor in
its own right.

Interestingly, neither dietary energy nor protein in-
take predicted loss of LBM in this study. The mean

reported intakes were 2,827 kcal/day and 107 g pro-
tein/day, which are well within recommended intakes
for this population, even without allowance for under-
reporting (28). This finding is identical to the situation
in rheumatoid arthritis and underlines our previous
contention that cachexia, unlike wasting, is not a prob-
lem of inadequate intake but rather one of cytokine-
driven altered metabolism that occurs even in the
presence of adequate or even superadequate intake
(22).

Several limitations of this study should be noted.
First, we used BIA as our method of body composition
assessment, and this method has limited precision
(SEE of 
2 kg), as we have documented elsewhere (20).
However, the usefulness of BIA was maximized by use
of population-specific BIA equations validated against
DEXA (14). Although BIA is of limited utility in the
evaluation of individuals, it is strongest when applied
to a large population, as was the case here. We also did
not use BIA to calculate smaller body composition
compartments than LBM, to avoid the larger error that
occurs in such situations.

Another important limitation is that we report only
on men in this study, and these men had to have
adequate venous access to permit the PBMC blood
draw. This is unfortunate, but we had only 39 women
in our sample and thus did not have power to detect
any significant associations. Furthermore, there is
greater error in the measurement of the low levels of
free testosterone present in women, so that the rela-
tionship between testosterone and cytokine production
is more difficult to detect. We are continuing to recruit
and study women to achieve an adequate sample size
and hope to be able to report on them in the future. The
effect of selecting men with reasonable venous access
would be to reduce the prevalence of long-term injec-
tion drug users. Because those patients are likely to
have more severe cachexia and poor dietary intake, it
is likely that their exclusion would bias the study
results toward the null rather than account for the
observed findings. However, short of performing arte-
rial punctures, it is not practical to include these pa-
tients in relatively large studies of cell culture data
such as this one.

Table 3. Multivariate linear model of determinants of �LBM

Variable
TNF-� Model
Estimate (�) P Value

IL-1� Model
Estimate (�) P Value

Cytokine, ng/ml �110 0.01 �110 0.02
Physical functioning, 1 point 8.9 0.01 10 0.2
CD4 count (100 cells/ml) 1.4 0.15 1.5 0.15
AIDS status (yes/no) �626 0.2 �522 0.3
IVDU

Current user �2,231 0.02 �1,910 0.07
Former user 897 0.15 818 0.2
Never user ref ref ref ref

Body fat (%)	IL-1� interaction NA NA �0.0001
High body fat (�25%) �215
Intermediate body fat (15–24%) ref
Low body fat (�15%) �55

Values are expressed in grams. NA, not applicable.

Table 4. Multivariate linear model of determinants
of �REE

Variable Estimate (�) P Value

Interval between visits, mo 1.6 0.2
TNF, ng/ml 0.03

High REE/low testosterone 37
High REE/high testosterone 17
Low REE/low testosterone 7
Low REE/high testosterone �13

Testosterone, 5 pg/ml 0.05
High REE/low TNF 14
High REE/high TNF �63
Low REE/low TNF 55
Low REE/high TNF �22

Log HIV RNA, copies/ml 47 0.06
Physical function �1.8 0.1
CD4 count, mm3 �0.1 0.3
HAART use (yes/no) 31 0.6
IVDU

Current user 315 0.05
Former user �138 0.1
Never user ref ref

Values are expressed in kcal/day. See PATIENTS AND METHODS for
definitions of high and low variables.
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In conclusion, this study shows for the first time that
cachexia, separate from wasting, is a prevalent clinical
problem in HIV-infected men, even in the era of
HAART. In addition, the results of this study support
the notion that cachexia is an immunologically driven
process rather than a simple problem of inadequate
intake. The continual presence of cachexia despite
HAART treatment suggests that metabolic complica-
tions of HIV infection will continue in the future and
that physicians should consider routine measurements
of body composition even in patients whose virological
status is under good control. This can be done using
easily available clinical techniques such as anthropom-
etry or bioelectrical impedance. Furthermore, specific
anabolic therapy, either pharmacological or by use of
exercise (5, 23), should be considered for treatment of
patients who show evidence of loss of �5% of LBM, as
this level of loss has been shown to increase mortality
and complications in HIV-infected adults. Pharmaco-
logical therapy should be used with caution, however,
because it may exacerbate insulin resistance and lipid
abnormalities. In contrast, exercise is more likely to be
beneficial without untoward side effects. The results of
this study warn against a complacent attitude toward
nutritional complications of HIV infection, even in the
era of highly active antiretroviral therapy.

We thank the nursing staff of the General Clinical Research
Center (GCRC) at New England Medical Center and Suzanne M.
Melanson for assistance, and the study volunteers for their selfless-
ness and good humor.

This study was supported by National Institutes of Health (NIH)
Grants DK-45734 and DA-11598–02 and the Lifespan-Tufts-Brown
Center for AIDS Research (P30 AI-42853) and through the GCRCs at
New England Medical Center and Massachusetts General Hospital
under NIH Grants M01-RR-00054 and M01-RR-01066.

REFERENCES

1. Anker SD, Ponikowski P, Varney S, Chua TP, Clark AL,
Webb-Peploe KM, Harrington D, Kox WJ, Poole-Wilson
PA, and Coats AJS. Wasting as independent risk factor for
mortality in chronic heart failure. Lancet 349: 1050–1053, 1997.

2. Aoki TT and Finley RH. The metabolic response to fasting. In:
Parenteral and Enteral Nutrition, 2nd ed., edited by JL Rombeau
and Caldwell MD. Philadelphia, PA: Saunders, 1986, vol. 1, p.
15.

3. Carr A, Samaras K, Thorisdottir A, Kaufmann GR, Chi-
sholm DJ, and Cooper DA. Diagnosis, prediction, and natural
course of HIV-1 protease-inhibitor-associated lipodystrophy, hy-
perlipidemia, and diabetes mellitus: a cohort study. Lancet 353:
2093–2099, 1999.

4. Centers for Disease Control and Prevention. 1993 Revised
classification system for HIV infection and expanded surveil-
lance case definition for AIDS among adolescents and adults.
Morbidity Mortality Weekly Reports 41: 1–19, 1993.

5. Corocran C and Grinspoon S. Treatments for wasting in
patients with the acquired immunodeficiency syndrome. N Engl
J Med 340: 1740–1748, 1999.

6. Dinarello CA, Lonnemann G, Maxwell R, and Shaldon S.
Ultrafiltration to reject human interleukin-1-inducing sub-
stances derived from bacterial cultures. J Clin Microbiol 25:
1233–1238, 1987.

7. Durrleman S and Simon R. Flexible regression models with
cubic splines. Stat Med 8: 551–561, 1989.

8. Earthman CP, Matthie JR, Reid PM, Harper IT, Ravussin
E, and Howell WH. A comparison of bioimpedance methods for
detection of body cell mass change in HIV infection. J Appl
Physiol 88: 944–956, 2000.

9. Endres S, Cannon JG, Ghorbani R, Dempsey RA, Sisson
SD, Lonnemann G, van der Meer JWM, Wolff SM, and
Dinarello CA. In vitro production of IL-1 beta, IL-1 alpha, TNF,
and IL-2 in healthy subjects: distribution, effect of cyclooxygen-
ase inhibition and evidence of independent gene regulation. Eur
J Immunol 19: 2327–2333, 1989.

10. Grinspoon S, Corcoran C, Lee K, Burrows B, Hubbard J,
Katznelson L, Walsh M, Guccione A, Cannan J, Heller H,
Basgoz N, and Klibanski A. Loss of lean body and muscle mass
correlates with androgen levels in hypogonadal men with ac-
quired immunodeficiency syndrome and wasting. J Clin Endo-
crinol Metab 81: 4051–4058, 1996.

11. Grinspoon S, Corcoran C, Miller K, Biller BMK, Askari H,
Wang E, Hubbard J, Anderson EJ, Basgoz N, Heller HM,
and Klibanski A. Body composition and endocrine function in
women with acquired immunodeficiency syndrome. J Clin En-
docrinol Metab 82: 1332–1337, 1997.

12. Grinspoon S, Corcoran C, Rosenthal D, Stanley T, Parl-
man K, Costello M, Treat M, Davis S, Burrows B, Basgoz N,
and Klibanski A. Quantitative assessment of cross-sectional
muscle area, functional status, and muscle strength in men with
acquired immunodeficiency syndrome wasting syndrome. J Clin
Endocrinol Metab 84: 201–206, 1999.

13. Guenter P, Muurahainen N, and Simons G. Relationships
among nutritional status, disease progression, and survival in
HIV infection. J Acquir Immune Defic Syndr Hum Retrovirol 6:
1130–1138, 1993.

14. Kotler DP, Burastero S, Wang J, and Pierson RN. Predic-
tion of body cell mass, fat-free mass, and total body water with
bioelectrical impedance analysis: effects of race, sex, and disease.
Am J Clin Nutr 64, Suppl: 489S–497S, 1996.

15. Ledru E, Christeff N, Patey O, de Truchis P, Melchior J-C,
and Gougeon M-L. Alteration of tumor necrosis factor-alpha
T-cell homeostasis following potent antiretroviral therapy: con-
tribution to the development of human immunodeficiency virus-
associated lipodystrophy syndrome. Blood 95: 3191–3198, 2000.

16. Miettinen O. Estimability and estimation in case-referent stud-
ies. Am J Epidemiol 103: 226–235, 1976.

17. Moore RD and Chaisson RE. Natural history of HIV infection
in the era of combination antiretroviral therapy. AIDS 13: 1933–
1942, 1999.

18. Moos V, Rudwaleit M, Herzog V, Hohlig K, Sieper J, and
Muller B. Association of genotypes affecting the expression of
interleukin-1beta or interleukin-1 receptor antagonist with os-
teoarthritis. Arthritis Rheum 43: 2417–2422, 2000.

19. Mynarcik DC, McNurlan MA, Steigbigel RT, Fuhrer J, and
Gelato MC. Association of severe insulin resistance with both
loss of limb fat and elevated serum tumor necrosis factor recep-
tor levels in HIV lipodystrophy. J Acquir Immune Defic Syndr
Hum Retrovirol 25: 312–321, 2000.

20. Roubenoff R, Baumgartner RN, Kiel DPT, Dallal GE, Han-
nan MT, Economos CD, Stauber PM, Wilson PWF, and
Harris TB. Bioelectrical impedance equations in ambulatory
elderly Caucasians. J Gerontol A Biol Sci Med Sci 52: M129–
M136, 1997.

21. Roubenoff R, Freeman LM, Smith DE, Abad LW, Dinarello
CA, and Kehayias JJ. Adjuvant arthritis as a model of inflam-
matory cachexia. Arthritis Rheum 40: 534–539, 1997.

22. Roubenoff R, Heymsfield SB, Kehayias JJ, Cannon JG,
and Rosenberg IH. Standardization of nomenclature of body
composition in weight loss. Am J Clin Nutr 66: 192–196, 1997.

23. Roubenoff R, McDermott A, Weiss L, Suri J, Wood M,
Bloch R, and Gorbach S. Short-term progressive resistance
training increases strength and lean body mass in adults in-
fected with human immunodeficiency virus. AIDS 13: 231–239,
1999.

24. Roubenoff R, Roubenoff RA, Cannon JG, Kehayias JJ,
Zhuang H, Dawson-Hughes B, Dinarello CA, and Rosen-
berg IH. Rheumatoid cachexia: cytokine-driven hypermetabo-
lism and loss of lean body mass in chronic inflammation. J Clin
Invest 93: 2379–2386, 1994.

25. Sallis JF, Haskell WJ, Wood PD, Fortmann SP, Rogers T,
and Blair SN. Physical activity assessment methodology in the
Five-City Project. Am J Epidemiol 121: 91–106, 1985.

E144 CACHEXIA IN HIV INFECTION

AJP-Endocrinol Metab • VOL 283 • JULY 2002 • www.ajpendo.org

 on N
ovem

ber 27, 2009 
ajpendo.physiology.org

D
ow

nloaded from
 

http://ajpendo.physiology.org


26. Schindler R, Clark BD, and Dinarello CA. Dissociation be-
tween interleukin-1� mRNA and protein synthesis in human
peripheral blood mononuclear cells. J Biol Chem 265: 10232–
10237, 1990.

27. Schwartz MW and Seeley RJ. Neuroendocrine responses to
starvation and weight loss. N Engl J Med 336: 1802–1811, 1997.

28. Task Force on Nutrition Support in AIDS. Guidelines for
nutrition support in AIDS. Nutrition 5: 39–46, 1989.

29. Van der Meer JWM, Endres S, Lonnemann G, Cannon JG,
Ikejima T, Okusawa S, Gelfand JA, and Dinarello CA.
Concentrations of immunoreactive human tumor necrosis factor
alpha produced by human mononuclear cells in vitro. J Leukoc
Biol 43: 216–223, 1988.

30. Wanke CA, Silva M, Knox TA, Forrester J, Speigelman D,
and Gorbach SL. Weight loss and wasting remain common
complications in individuals infected with human immunodefi-
ciency virus in the era of highly active antiretroviral agents. Clin
Infect Dis 31: 803–805, 2000.

31. Wheeler DA, Gibert CL, Launer CA, Muurahainen N,
Elion RA, Abrams DI, Bartsch G, and The Terry Beirn
Community Programs for Clinical Research in AIDS.
Weight loss as a predictor of survival and disease progression in
HIV infection. J Acquir Immune Defic Syndr Hum Retrovirol 18:
80–85, 1998.

32. Zeger SL and Liang KY. An overview of methods for the
analysis of longitudinal data. Stat Med 11: 1825–1839, 1992.

E145CACHEXIA IN HIV INFECTION

AJP-Endocrinol Metab • VOL 283 • JULY 2002 • www.ajpendo.org

 on N
ovem

ber 27, 2009 
ajpendo.physiology.org

D
ow

nloaded from
 

http://ajpendo.physiology.org

